Atypical perceptual processing in autism spectrum disorder (ASD) is well documented. In addition, growing evidence supports the hypothesis that an excitatory/inhibitory neurochemical imbalance might underlie ASD. Here we investigated putative behavioral consequences of the excitatory/inhibitory imbalance in the context of visual motion perception. As stimulus size increases, typical observers exhibit marked impairments in perceiving motion of high-contrast stimuli. This result, termed "spatial suppression," is believed to reflect inhibitory motion-processing mechanisms. Motion processing is also affected by gain control, an inhibitory mechanism that underlies saturation of neural responses at high contrast. Motivated by these behavioral correlates of inhibitory function, we investigated motion perception in human children with ASD (n ϭ 20) and typical development (n ϭ 26). At high contrast, both groups exhibited similar impairments in motion perception with increasing stimulus size, revealing no apparent differences in spatial suppression. However, there was a substantial enhancement of motion perception in ASD: children with ASD exhibited a consistent twofold improvement in perceiving motion. Hypothesizing that this enhancement might indicate abnormal weakening of response gain control, we repeated our measurements at low contrast, where the effects of gain control should be negligible. At low contrast, we indeed found no group differences in motion discrimination thresholds. These low-contrast results, however, revealed weaker spatial suppression in ASD, suggesting the possibility that gain control abnormalities in ASD might have masked spatial suppression differences at high contrast. Overall, we report a pattern of motion perception abnormalities in ASD that includes substantial enhancements at high contrast and is consistent with an underlying excitatory/inhibitory imbalance.
Introduction
Dating from the earliest clinical observations (Kanner, 1943) , atypical perceptual processing has been documented widely in autism spectrum disorder (ASD; Ben-Sasson et al., 2009 ). Perceptual differences likely play an important role in complex behavioral, social, and cognitive deficits that define ASD (Zwaigenbaum et al., 2005; Mottron et al., 2006; Samson et al., 2011) . Therefore, working toward a mechanistic understanding of perceptual alterations might reveal key insights into the neural underpinnings of ASD. Much attention has focused on visual perception in ASD (Simmons et al., 2009 ). Both visual impairments, such as face perception deficits (Simmons et al., 2009) , and enhancements, such as superior perception of local visual features (Dakin and Frith, 2005) and enhanced visual search (Plaisted et al., 1998; Joseph et al., 2009) , have been observed. However, these enhancements are largely specific to processing of static stimuli. The integrity of motion processing has been controversial. Whereas some studies suggest widespread impairments indicating broad dorsal stream abnormalities (Spencer et al., 2000; Pellicano et al., 2005) , other research argues deficits occur only with "complex" moving stimuli such as biological motion (Bertone et al., 2003; Kaiser and Shiffrar, 2009) .
A parallel line of research has focused on neurobiological causes of the ASD phenotype. One prominent model posits that an imbalance between excitatory and inhibitory neural mechanisms might explain widespread abnormalities in ASD (Rubenstein and Merzenich, 2003) . Indeed, genetic, neuroanatomical, and neuroimaging evidence supports an increase in neural excitability. This change appears to be driven by reduced efficacy of the GABAergic system (Buxbaum et al., 2002; Fatemi et al., 2009; Oblak et al., 2010) , although glutamatergic abnormalities may also contribute (Schmeisser et al., 2012) .
Here, in the context of visual motion perception, we explored possible behavioral signatures of excitatory/inhibitory imbalance. Specifically, we investigated effects of stimulus size and contrast on motion perception in ASD. We showed previously that, for typical adults, as stimulus size increases, motion direction of high-contrast patterns becomes markedly harder to perceive (Tadin et al., 2003) . This behavioral result, termed "spatial suppression," is believed to reflect center-surround inhibition, likely within cortical area MT (Tadin et al., 2003; Churan et al., 2008; . Abnormally weak spatial suppression, reflected in reduced effects of increasing stimulus size, characterizes populations exhibiting deficits in cortical inhibition; for example, patients with schizophrenia (Tadin et al., 2006b) , those with a history of major depression (Golomb et al., 2009) , and older adults (Betts et al., 2005; Betts et al., 2009) . Given evidence for an excitatory/inhibitory imbalance in ASD, we expected similar results in our population.
Motion processing is also affected by response gain control, an inhibitory mechanism underlying saturation of neural responses at high contrasts (Albrecht and Hamilton, 1982; Katzner et al., 2011) . To detect possible abnormalities in response gain control, we examined motion direction discriminations at both low and high contrast. If gain control mechanisms are impaired in ASD (Pei et al., 2012) , we expected that increasing stimulus contrast would have larger effects on participants with ASD. Finally, focusing on motion perception enabled us to address outstanding questions about the integrity of motion processing in ASD.
Materials and Methods
Subjects. We studied children and adolescents with ASD and typically developing (TD) controls between 8 and 17 years of age. A total of 20 participants with ASD (all male) and 26 TD controls (21 male) participated in the study. Thirty-two participants completed the high-contrast experiment (15 ASD and 17 TD); 23 participants completed the lowcontrast experiment (10 ASD and 13 TD). Five and four children overlapped across experiments for the ASD and TD groups, respectively. For both experiments, ASD and TD participants were matched for age and IQ score, as measured by the Wechsler Abbreviated Scales of Intelligence (Weschsler, 1999;  Table 1 ). For children with ASD, diagnoses were confirmed with the Autism Diagnostic Observation Schedule (Lord et al., 2000) and the Autism Diagnostic Interview-Revised (Lord et al., 1994) ; all participants in the ASD group met the diagnostic criteria for both measures. Descriptive statistics for diagnostic measures also are reported in Table 1 . Children in the TD group were free of psychiatric, learning, and neurological disorders and had no first-degree relatives with ASD. The protocol was approved by the Vanderbilt University Institutional Review Board. All participants and their parents gave written informed assent and consent, respectively, and all were paid for their participation.
High-contrast experiment. Stimuli were created in MATLAB and Psychophysics Toolbox (Brainard, 1997) and shown on a linearized monitor (24-inch Sony GDM-FW900 CRT, 1024 ϫ 640 resolution, 120 Hz). Viewing was binocular at 77 cm and was enforced using a chin rest. Ambient and background illumination were 0.9 and 56.3 cd/m 2 . Stimuli were drifting gratings ( Fig. 1 ; 1 cycle/degree, 4°/s, starting phase randomized) presented in a stationary two-dimensional raised cosine envelope, the radius of which defined the stimulus size. Stimulus contrast was 98%. For all stimuli, the temporal envelope was a hybridGaussian . Specifically, for very brief stimuli ( Ͻ 15 ms), the temporal contrast envelope was Gaussian. Longer temporal envelopes were trapezoid-like: flanks were half-Gaussians and the central portion was set to the maximum contrast. Fine temporal precision was obtained by adjusting the SD of half-Gaussian flanks (with a constraint of Ͻ 15 ms) and transferring "excess" contrast to the flat central portion. This hybrid envelope allowed fine temporal precision of brief stimuli and avoided protracted fade-in/fade-out periods associated with prolonged temporal Gaussians. Gaussian flanks allow subframe sampling (a temporal equivalent of subpixel sampling), permitting accurate presentation of brief stimuli using only a few monitor frames (Tadin et al., 2006a; Lappin et al., 2009) . Stimulus duration was defined as the width at half-height of the temporal envelope.
The participants' task was to discriminate motion direction of briefly presented moving gratings ( Fig. 1 A, B) . For each trial, a stimulus was presented at the central location, with its size chosen pseudorandomly. Participants indicated the perceived direction (left or right) by a key press. Auditory feedback followed correct responses. The subsequent trial started 1 s after each response. Participants were instructed to fixate on the center of the screen. To facilitate fixation, we used the following sequence: a fixation circle (0.8°radius) appeared after each key press response and, 500 ms later, the circle shrank to 0.13°over 100 ms, remained at that size for 250 ms, and then disappeared 150 ms before stimulus onset. Based on our subjective impressions and feedback from child participants, this dynamic sequence was very effective in guiding eye gaze to the center of the screen before the onset of a static fixation cross. It is important to note that no dynamic fixation stimuli appeared within the 400 ms preceding stimulus onset; a conventional fixation target followed by a blank screen was presented during that time.
Three conditions, varying in stimulus size, were used ( Fig. 1C) : small (1°radius), medium (2.5°radius), and large (6°radius). These stimulus sizes were selected on the basis of previous results (Tadin et al., 2003) with the goal of including both small stimuli for which performance is high and large stimuli for which spatial suppression reduces motion sensitivity. Task difficulty was controlled by adjusting the stimulus duration to evaluate the minimum stimulus presentation duration for which each participant could reliably judge motion direction at a given stimulus size. Specifically, psychophysical thresholds were measured by adaptive QUEST staircases that adjusted log 10 (stimulus duration) and Fig. 2A) . C, Stimulus sizes used in the study (radius ϭ 1°, 2.5°, and 6°). Only one stimulus was shown per trial.
converged to 82% correct (Watson and Pelli, 1983) . After a 66-trial practice block, thresholds were obtained in three successive 132-trial blocks, separated by breaks. Each block contained six interleaved staircases and yielded two thresholds for each of three size conditions (i.e., small, medium, and large). Therefore, across three blocks of trials, we estimated 18 thresholds (i.e., six for each stimulus size). For each participant, the lowest and highest of the six duration thresholds for each stimulus size were eliminated; the average of the remaining four measurements constituted a threshold estimate. This helped to eliminate occasional extreme values. Participants completed all trials within a single session (lasting ϳ25 min) and were monitored by an examiner throughout.
Low-contrast experiment. The low-contrast experiment was identical to the above-described high-contrast experiment, except that the stimulus contrast was lowered to 2.9%. The motivation for this experiment was to determine whether the results we found at high contrast, namely a pronounced ASD enhancement in motion perception (Fig. 2) , could be generalized to low-contrast stimuli. See Discussion for additional information.
Data analysis. First, to assess the reliability of our measurements, for each of six conditions (two experiments with three size conditions in each), we computed split-half reliabilities for the ASD and TD groups. The average split-half reliabilities for participants with ASD and TD were 0.989 and 0.984, respectively. These high interparticipant correlations show that our approach was very reliable at measuring motion sensitivity in children and adolescents.
To quantify spatial suppression strength, we calculated the suppression index, defined as the difference of thresholds for large versus small stimuli (Tadin et al., 2003; Betts et al., 2005; Tadin et al., 2006b; Betts et al., 2009; . Specifically, suppression index ϭ log 10 (large stimulus threshold) Ϫ log 10 (small stimulus threshold). Note that this definition of the suppression index assumes that the thresholds are expressed in milliseconds (as reported in the Results section). Using this convention, higher suppression index values correspond to stronger spatial suppression (i.e., worsening of performance with increasing stimulus size), whereas negative values indicate spatial summation (i.e., an improvement with increasing size). Typically, spatial suppression is found at high contrast and its strength decreases as the contrast decreases. At low contrast, spatial summation is typically found (Tadin et al., 2003) . It is worth noting that the suppression index is not a log-transform measure, but rather is simply the difference between the two thresholds. The QUEST staircase procedure is designed to "work" in the log space (Watson and Pelli, 1983) , directly estimating log 10 (threshold). In other words, data presented here are not log transformed, but rather were natively estimated in the log space (for ease of interpretation, thresholds are reported in milliseconds in the Results section and were obtained by calculating the 10^threshold).
Before conducting the statistical analysis, we confirmed that datasets did not significantly deviate from the normal distribution and that variances of ASD and TD datasets did not significantly differ from each other. To analyze duration threshold results for each experiment, group differences were evaluated using a 2 (group) ϫ 3 (stimulus size) repeatedmeasures ANOVA. Greenhouse-Geisser correction for nonsphericity was used for low-contrast data only. Follow-up analyses with IQ score and age entered as covariates yielded similar results to the primary motion discrimination and suppression index analyses, with all group differences remaining highly significant. Results also held when female participants were eliminated from the control group to match the groups for gender. To analyze the results between low-and high-contrast experiments, we conducted a 2 (group) ϫ 2 (contrast) ANOVA, with repeated, within-subjects measures on contrast. For this analysis, only the subset of ASD and TD participants that completed both high-and low-contrast experiments was included. Finally, to evaluate the clinical relevance of our findings, exploratory correlational analyses were conducted to examine whether task performance was related to clinical symptoms in the ASD group.
Results

High-contrast experiment
For high-contrast stimuli, both the TD and ASD groups exhibited the characteristic increase in direction discrimination thresholds with increasing stimulus size, a result indicative of spatial suppression of large moving stimuli ( Fig. 2A; F (2,30) ϭ 98.8, p Ͻ 10 Ϫ9 ). Specifically, as stimulus size increased, participants in both groups required longer stimulus exposure times to correctly identify motion direction. This threshold increase with increasing stimulus size, however, did not differ between groups (F (2,30) ϭ 0.72, p ϭ 0.49); both groups showed equal spatial suppression strength. This result was further supported by a between-groups comparison of the suppression index ( Fig. 2B ; t 30 ϭ Ϫ0.18, p ϭ 0.86).
The surprising result was the substantial superiority of participants with ASD in their ability to discriminate motion direction ( Fig. 2A; F (1,30) ϭ 19.2, p ϭ 0.0001). Specifically, across all stimulus sizes, we found a consistent, twofold decrease in thresholds for participants with ASD. This ASD advantage was considerable and was not driven by outliers: for all three stimulus sizes, the third quartile for the ASD group was approximately equal to the first quartile for the TD group (Fig. 2C) . Moreover, the performance of the worst participant with ASD approximately equaled the median TD performance for each stimulus size (Fig. 2C) . The main finding from the high-contrast experiment was that participants with ASD were markedly better at discriminating motion direction across all stimulus sizes. 
Low-contrast experiment
For low-contrast stimuli, we saw the characteristic decrease in direction discrimination thresholds with increasing stimulus size ( Fig. 3A ; F (2,21) ϭ 43.2, p ϭ 10 Ϫ5 ). This result indicates spatial summation, an improvement in motion perception with increasing stimulus size (Anderson and Burr, 1991; Tadin et al., 2003) . Contrary to our findings at high contrast, we found no overall group differences in participants' ability to discriminate motion direction at low contrast (F (1,21) ϭ 0.83, p ϭ 0.37). In another contrast-specific finding, the effect of increasing stimulus size differed between the two groups, as indicated by a significant group by stimulus size interaction (F (2,21) ϭ 6.50, p ϭ 0.011). Participants with TD exhibited the beginning signs of spatial suppression, reflected in a threshold increase for the largest stimulus size (Fig. 3A, arrow) , similar to what was observed in both groups at high contrast. Conversely, participants with ASD showed size-dependent improvements that were consistent with spatial summation across the entire range of stimulus sizes used. This result is further supported by the significant group difference in the suppression index for low-contrast stimuli ( Fig.  3B ; t 21 ϭ Ϫ2.44, p ϭ 0.024).
To summarize the low-contrast findings, we found no overall group differences in motion discrimination thresholds paired with smaller suppression indices in participants with ASD. This pattern of results differed from that observed at high contrast, revealing that enhanced motion perception in participants with ASD is limited to high-contrast stimuli. We will return to these differences between high-and low-contrast results in the Discussion. The observed pattern of results is evident even if we only consider participants who completed both experiments ( Fig. 2A,  Fig. 3A, inserts) . This subset of participants included only males; ASD and TD groups remained matched for age and IQ score.
Effects of stimulus contrast
Another way to examine these results is to consider the effect of contrast. Specifically, we aimed to determine how increasing stimulus contrast affects motion perception in participants with ASD and TD. Here, we focused on the performance for the smallest stimulus size, a size at which the effects of spatial suppression should be minimal regardless of contrast level (Tadin et al., 2003) . This allowed us to better isolate contrast-dependent mechanisms. For the smallest size, the two groups were nearly identical in their duration thresholds at low contrast (Fig. 4A) . Increasing contrast improved performance for both groups, but this improvement was considerably stronger for participants with ASD than for those with TD (40.8 vs 19.1 ms, respectively). As a result, at high contrast, participants with ASD performed substantially better than those with TD. Comparing group performance across contrast levels, participants with ASD exhibited greater performance gains with increasing contrast. For statistical analysis, we only considered participants who completed both experiments (Fig. 4B) . These results were consistent with the full dataset, revealing a significant main effect of contrast (F (1,7) ϭ 534.3, p ϭ 10 Ϫ7 ) and a significant group-by-contrast interaction (F (1,7) ϭ 16.13, p ϭ 0.005).
Relations with ASD symptom measures
Within the ASD group, exploratory analyses evaluated the relation between motion thresholds and summary scores from both direct observation (i.e., the Autism Diagnostic Observation Schedule) and parent report (i.e., the Autism Diagnostic Interview-Revised) measures of ASD symptomatology. At high contrast, neither the Autism Diagnostic Observation Schedule nor the Autism Diagnostic Interview-Revised summary scores were correlated with thresholds for any stimulus size (all ͉r͉ Ͻ 0.43, p Ͼ 0.12). At low contrast, we found a significant correlation between Autism Diagnostic Interview-Revised scores and thresholds for discriminating motion of medium size stimuli (r ϭ Ϫ0.68, p ϭ 0.032; other ͉r͉ Ͻ 0.58, p Ͼ 0.077). However, given the large number of correlations conducted (12 total) and the lack of group differences at that size (Fig. 3A) , we conclude that there is no systematic relationship between ASD symptomatology and thresholds for perceiving motion direction. Given these findings, superior motion perception abilities at high contrast appear to cleanly distinguish participants with ASD from those without, independent of the severity of ASD symptoms. Therefore, motion perception enhancement for high-contrast stimuli may reflect a state, rather than trait, marker of ASD. Motion discrimination performance and spatial summation strength at low contrast. A, Comparison of duration thresholds for discriminating low-contrast motion in participants with ASD and TD. Unlike high-contrast results, there are no substantial differences between groups except an increase in the TD (but not ASD) thresholds for the largest stimulus size (shown by the arrow). The insert shows data for participants who completed both low-and high-contrast experiments. B, Suppression index scores were negative for both groups, indicating spatial summation at low contrast. However, participants with TD also exhibited signs of spatial suppression (A, arrow). This was evident as a significant difference in suppression index score between the two groups. Error bars in both panels represent SEM. Figure 4 . Effects of contrast on motion direction discriminations for participants with TD and ASD. A, Effect of increasing stimulus contrast on direction discrimination thresholds for small moving stimuli. This plot is constructed by combining the leftmost data points in Figure 2A and Figure 3A and replotting these data as a function of stimulus contrast. B, Same as in A, except that only data from participants who completed both low-and high-contrast experiments are included. Error bars in both panels represent SEM.
Discussion
Our study had two main empirical findings. First, we found a substantial enhancement of motion perception in ASD. To our knowledge, this is the first report of superior motion discrimination in ASD; previous reports noting enhanced visual processing were restricted to stationary stimuli (Dakin and Frith, 2005) . Second, as detailed below, we report a pattern of abnormalities that is consistent with an underlying excitatory/inhibitory imbalance in ASD.
Motion perception enhancement
Our finding of superior motion perception in ASD is inconsistent with prior reports. What could explain this discrepancy? Our stimuli and task differed in three key ways. First, we used highly visible, luminance-defined (first-order) motion stimuli, whereas motion perception deficits in ASD are typically found with more complex stimuli, such as biological and texture-defined (secondorder) motion (Bertone et al., 2003) . Small improvements have been reported for perceiving static luminance-defined stimuli (Bertone et al., 2005) ; however, for the moving version of the same stimuli, participants with ASD exhibited intact, but not enhanced, performance (Bertone et al., 2003) . Using similar stimuli, we found considerable motion perception enhancements in ASD. Therefore, stimulus differences alone cannot explain our findings.
Second, we estimated duration thresholds, measuring the minimum stimulus viewing time that subjects needed to correctly perceive motion direction. Effectively, duration thresholds estimate how quickly the visual system accumulates task-relevant stimulus information (Gold and Shadlen, 2000) . Therefore, one possible hypothesis is that ASD is associated with unusually quick accumulation of low-level motion information. Supporting this hypothesis, Davis et al. (2006) found that ASD performance on a motion coherence task was impaired for long, but not short, stimulus durations. Analogous results were reported with static stimuli, with which improvements were found only with brief exposure durations (Caron et al., 2006) . More broadly, subjects with ASD tend to excel in perceptual tasks in which processing speed is important (Scheuffgen et al., 2000; Joseph et al., 2009; Brock et al., 2011) . Stimulus duration might be important in that, as presentation duration becomes longer, attentional limitations (Burack, 1994 ) and other cognitive deficits (Garretson et al., 1990; Bennetto et al., 1996) may increasingly factor into and impair task performance in ASD. In addition, a recent report linked ASD with noisy cortical responses to sustained motion stimuli (Dinstein et al., 2012) . In this study, attention was controlled, indicating that perceptual processing itself in ASD is noisy. It is possible that brief stimuli, such as those used in our experiment, are less affected by this broad decrease in response reliability (Churchland et al., 2010) . Brief stimulus durations cannot, however, fully explain our results because we found enhancements only at high contrast.
Third, we measured motion discriminations at both high and low contrast. In motion perception, performance typically improves with increasing contrast, but saturates at high contrast (Nakayama and Silverman, 1985; Blake et al., 2006) . Our results show that both the ASD and TD groups improved with contrast. However, this improvement was considerably larger for participants with ASD (Fig. 4) , suggesting deficient contrast saturation in ASD. This would allow continued performance gains at high contrast above and beyond gains made with contrast by TD participants. This conclusion is consistent with a recent visual evoked potential study finding less contrast saturation in participants with ASD (Pei et al., 2012) . Similar results were found in epilepsy (Porciatti et al., 2000; Tsai et al., 2011) , which is notable given the links between epilepsy and ASD (Tuchman and Cuccaro, 2011) . Lack of contrast saturation is a signature effect of impaired response gain control, a neural mechanism that is sensitive to changes in inhibitory function (Katzner et al., 2011) .
In sum, although our use of first-order motion and brief stimulus durations allowed us to avoid stimuli in which participants with ASD exhibit difficulty, the inclusion of high-contrast stimuli was likely critical in revealing motion perception enhancements in ASD. The observed enhancement at high contrast would not be detectable by conventional approaches to measuring motion perception, which tend to rely on contrast or coherence threshold measurements. These well established approaches have the disadvantage of being restricted to barely visible or highly noisy stimuli and thus can miss effects that change with stimulus visibility (Tadin et al., 2003) . Indeed, the above described behavioral ASD studies used either coherence or contrast thresholds, precluding measurement of motion perception for highly visible, noise-free stimuli that would be affected by contrast saturation differences.
An alternative explanation for our findings is that participants with ASD used position cues to perform this task. Perceived position of moving objects appears slightly shifted in the direction of their motion , providing stationary cues to the stimulus motion direction. If participants with ASD relied on apparent position displacements to make motion direction judgments and if that strategy was superior to relying on perceived motion direction, we would expect an ASD advantage. However, our contrast-specific results are inconsistent with this notion because motion-induced position shifts occur both at high and low contrast (Bressler and Whitney, 2006) . In addition, to account for large group difference at high contrast, nearly all participants with ASD would have had to ignore task instructions and adopt a position-based strategy.
Implications regarding an excitatory/inhibitory imbalance in ASD Our initial motivation for this study was to examine spatial suppression in ASD and, as commonly defined, we found no deficits. Specifically, despite large differences in overall motion sensitivity at high contrast, both groups showed similar patterns of threshold increases with increasing stimulus size ( Fig. 2A) . This finding differentiates ASD from other populations with known inhibitory deficits: subjects with schizophrenia, depression history, and old age all exhibit reduced spatial suppression on this task (Betts et al., 2005; Tadin et al., 2006b; Golomb et al., 2009) . If considered alone, this finding appears inconsistent with the notion of a widespread excitatory/inhibitory imbalance in ASD (a broad reduction in inhibitory function should affect associated behavioral phenomena such as spatial suppression). Such a conclusion would be consistent with a recent binocular rivalry study finding no evidence for excitatory/inhibitory imbalance in adults with ASD (Said et al., 2013) . However, here we consider another explanation. A widespread excitatory/inhibitory imbalance would naturally affect functioning of a variety of neural mechanisms. Therefore, in some cases, separate effects of excitatory/inhibitory imbalance may functionally cancel each other out, resulting in no detectable changes at the behavioral level. As outlined next, we speculate that intact spatial suppression at high contrast in ASD may be one of those cases.
Motion perception exhibits two nonlinear effects that are relevant to this study: spatial suppression and contrast saturation.
These behavioral effects likely reflect neural mechanisms of center-surround suppression (Tadin et al., 2003) and response gain control (Albrecht and Hamilton, 1982) , respectively. Both mechanisms might be affected by an excitatory/inhibitory imbalance (Katzner et al., 2011; , weakening as the relative efficacy of inhibitory processes declines. At high contrast, reduced contrast gain control in ASD would increase the effective stimulus contrast, a change that should result in stronger spatial suppression in ASD (Tadin et al., 2003) . Our failure to find such a result suggests that this effect may have been offset by weakening of spatial suppression in ASD driven by reduced centersurround inhibition. This explanation, we must admit, is currently speculative and arguably not the most parsimonious. Therefore, future work will need to better characterize spatial suppression and contrast gain control in ASD, both in motion perception and in other visual domains. We do, however, note that this account of our spatial suppression results also explains better-than-normal motion perception of high-contrast stimuli in ASD (as described above), as well as being consistent with our low-contrast results. Specifically, at 3% contrast, the effects of response gain control should be negligible (Katzner et al., 2011) . Indeed, the dramatic group difference in motion discriminations at high contrast did not generalize to low-contrast stimuli. However, with group performances relatively equal, we did observe a difference in the suppression index at low contrast: TD children exhibited signs of spatial suppression, whereas those with ASD showed only spatial summation (Fig. 3A) . This again supports the hypothesis that the excitatory/inhibitory balance is atypical in ASD.
Conclusions
We report a new perceptual enhancement in ASD: a substantial superiority at perceiving direction of briefly presented, highcontrast moving stimuli. This enhancement suggests abnormal contrast gain control in ASD, a conclusion consistent with an underlying excitatory/inhibitory imbalance. Although we did not find reduced spatial suppression at high contrast, we speculate that changes in suppression strength were masked by changes in gain control. At low contrast, children with ASD exhibited abnormally weak spatial suppression relative to TD controls.
More broadly, we introduce a new paradigm for behavioral study of ASD that is sensitive to underlying deficits, but also includes conditions in which participants with ASD reliably outperform their typical counterparts. A paradigm in which underlying deficits lead to enhanced performance provides a robust index of the perceptual process being examined, in which differences are unlikely to be explained by concurrent, confounding differences between groups (e.g., attention, motivation). Future exploration using similar paradigms holds promise for further elucidating the nature of enhanced perception in ASD, which may provide a platform for developing novel intervention strategies.
